Peptic ulcers can be caused by food, stress, genetic, and environmental factors, 1) including Helicobacter pylori infection, abuse of steroidal-or non-steroidal anti-inflammatory drugs (NSAIDs), irregular eating habits, smoking, alcohol consumption, and psychological stress.
In Korea, the leaves of Ligularia stenocephala MATSUM. et KOIDZ. (Family Compositae) are consumed as an edible vegetable and used as a Chinese folk medicine for the treatment of edema and scrofula. 4) In eastern and western Asia, the genus Ligularia is used for the treatment of influenza, cough, ulcer, and tuberculosis. 5) Yoon et al. have reported that the leaf extract of L. stenocephala showed the highest antithrombotic activity among large numbers of edible and herbal plants. 6) The root of L. stenocephala contain benzofuran derivatives (ligulachepalins, euparin, hydroxytremetone, 7) 5,6-dimethoxy-2-isopropenylbenzofuran, 8) and stenocephalain, 9) as well as two caffeoylquinic acid derivatives, 3,4-dicaffeoylquinic acid and 3,5-dicaffeoylquinic acid). 6) However, caffeoylquinic acid levels of those plants have not been studied.
Although L. stenocephala has been traditionally used to treat gastric cancer or gastric ulcers, these biological activities have not been scientifically verified. Therefore, we intended to find the preventive activity of the caffeoylquinic acid-rich fraction with potent peroxynitrite scavenging effect on the ulcers induced by HCl/ethanol-and indomethacin/ bethanechol-induced in mice. In addition, we attempted to find whether or not the wild vegetables such as Ligularia species containing high level of caffeoylquinic acids are beneficial for ulcer disease. The methanolic extract of L. stenocephala together with its BuOH-and Et 2 O soluble fractions were evaluated for their anti-ulcerogenic activity using mice, with the BuOH extract showing the best activity. The BuOH fraction contained 5-O-caffeoylquinic acid, 3,5-di-O-caffeoyl-muco-quinic acid, and 3,5-di-O-caffeoylquinic acid from HPLC analytical data.
In Korea, three Ligularia species, Ligularia stenocephala, L. fischeri, and L. fischeri var. spiciformis, are used as edible vegetables. The three herbs are similar taxonomically and are called gondalbi, gomchwi and numchwi, respectively, in Korea. Distinguishing these species may be improved with HPLC chromatograms. Other Compositae family members also contain caffeoylquinic acids, including Aster species, 10) and Solidago species, 5, 11) as well as L. stenocephala, 6) and L. fischeri var. spiciformis.
11)
Caffeoylquinic acid chemically consists of the two parts of quinic acid moiety and phenylpropanoid moiety. The most common parent skeleton of those compounds is quinic acid while muco-quinic acid or epi-quinic acid are also uncommonly found. The most common phenylpropanoid is caffeic acid while the less common ones are p-coumaric acid and ferulic acid. Caffeoylquinic acids are structurally classified into the monocaffeoylquinic acids and dicaffeoylquinic acids; however, tricaffeylquinic acids are very uncommon. (20 g ) together with MeOH (400 ml) were sonicated at 40°C for 6 h in a 500 ml Erlenmeyer flask. The extract was filtered using filter paper and concentrated to dryness on a rotatory evaporator at 60°C. Afterward, the extract was frozen (Ϫ80°C) and dried on a freeze-dryer for 24 h to produce a powdery solid extract. For HPLC analysis, this extract was dissolved in 80% aqueous MeOH and filtered through a 0.50 mm syringe filter, then the filtrate (20 ml) was injected into the analyzer.
MATERIALS AND METHODS

Plant Materials
HPLC analysis was conducted on a Varian HPLC system (Walnut Creek, CA, U.S.A.) that includes a Prostar 210 solvent delivery module, a Prostar 325 UV-Vis detector, and a 20 ml sample loop (Rheodyne, Rohnert Park, CA, U.S.A.). Compound separation was performed on a Shiseido (Chuoku, Tokyo, Japan) Capcell Pak C18 column (5 mm, 250 mmϫ 4.6 mm i.d.). All solvents used for analysis were HPLC grade and obtained from J.T. Baker (Phillipsburg, NJ, U.S.A.). Seven standard caffeoylquinic acids isolated from Lactuca indica L., 12, 13) were offered from Prof. Kang Ro Lee (College of Pharmacy, SungKyunKwan University, Suwon, Korea). The seven caffeoylquinic acids are abbreviated as follows: The mobile phase consisted of a mixed solution of A solvent (0.05% phosphoric acid in water) and B solvent (water) were eluted at a flow rate of 1.00 ml/min by gradient elution program: 0-10 min, 60% A : 40% B; 10-20 min, 50% A : 50% B; 20-30 min, 40% A : 60% B; 30-35 min, 60% A : 40% B. The UV detector was fixed at 246 nm.
Assay for Peroxynitrite-Scavenging Activity Peroxynitrite (ONOO Ϫ ) scavenging activity was assessed by a modified Kooy's method that involved the monitoring of fluorescent rhodamine 123 produced from non-fluorescent dihydrorhodamine 123 (DHR 123) in the presence of ONOO Ϫ . 14) In brief, the rhodamine buffer (pH 7.4) consisted of 50 mM sodium phosphate dibasic, 50 mM sodium phosphate monobasic, 90 mM sodium chloride, 5 mM potassium chloride, and 100 mM diethylene pentaacetic acid (DTPA). The final DHR 123 concentration was 5 mM. The buffer in this assay was prepared prior to use and placed on ice. The plant extracts were dissolved in 10% dimethyl sulfoxide (DMSO) (f.c. 5 mg/ml). The background and final fluorescent intensities were measured 5 min after treatment with and without the addition of authentic ONOO Ϫ (10 mM), dissolved in 0. HCl/Ethanol-Induced Ulcer We assessed the ability of the MeOH extract of L. stenocephala and its BuOH and Et 2 O soluble fractions together with a positive control (cimetidine) to prevent HCl/ethanol-induced ulcers in mice, as described by Mizui and Dodeuchi. 15) After oral administration (once a day for two weeks) of the test solutions dissolved in 4% tween 80, the mice were fasted for 24 h prior to the experiment. The mice were then given an oral dose of 0.2 ml of 0.3 M HCl in 60% ethanol. After 24 h the mice were sacrificed, and their stomachs were opened along the greater curvature and fixed in 2% formalin solution for 10 min. After the greater curvature was incised, the extent of gastric damage in the glandular region was evaluated according to the ulcerative lesion index.
Indomethacin/Bethanechol-Induced Ulcer This experiment was performed according to the method described by Rainsford with modifications.
16) The MeOH, BuOH, and Et 2 O extracts and the omeprazole control were orally administered to mice at 100 mg/kg a day for 2 weeks. The animals were treated with indomethacin (30 mg/kg, subcutaneously (s.c.)) and bethanechol (5 mg/kg, intraperitoneally (i.p.)), fasted for 1 h, and then sacrificed. The stomachs were opened along the greater curvature and fixed in 2% formalin solution for 10 min. After the greater curvature was incised, the extent of gastric damage in the glandular region was defined as the ulcerative lesion index.
Measurement of Gastric Juice Secretion After treated mice were fasted for 24 h, they were anesthetized with ether, and then the pylorus was ligated. The volume of gastric secretion was measured using the method described by Dai and Ogle. 17) In brief, the abdomens of the anesthetized mice were opened, and the pylorus was ligated and then sealed up after the sample solutions (100 and 200 mg/kg of the MeOH extract, BuOH, and Et 2 O fractions and cimetidine control) had been placed in the duodenal tract. Four hours after sealing-up of the abdomens, the mice were anesthetized with ether, the stomachs were excised, and gastric juices were collected. These were centrifuged at 3000 rpm, and then the gastric juice volumes, pH values, and acidities were measured, and total acid output was calculated. The acidity and total acid output were determined by titration versus 0.05 N NaOH using phenolphthalein as an indicator.
Statistics The statistical significance between experimental groups was analyzed using analysis of variance and Duncan's new multiple range test. pϽ0.05 was considered significant.
RESULTS
HPLC Analysis and Peroxynitrite-Scavenging Effect
The leaves of three Ligularia species (L. stenocephala, L. fischeri, and L. fischeri var. spiciformis) were quantitatively analyzed by HPLC using seven standard caffeoylquinic acids. The three Ligularia species have different HPLC chromatograms (Fig. 1, Table 1 ). No extracts contained 4,5-DQ, L. stenocephala did not contain 3-CQ, L. fischeri did not contain 3-CQ and 3-pCQ, and L. fischeri var. spiciformis did not contain 3-pCQ. In L. stenocephala the three prominent peaks were 5-CQ (19.40%), 3,5-DmQ (7.78%), and 3,5-DQ (7.25%); in the L. fischeri, the three prominent peaks were 5-CQ (7.40%), 3,5-DmQ (11.47%), and 3,5-DQ (5.11%). L. fischeri var. spiciformis contained 3-CQ, which was not present in the other two plants. L. stenocephala had the highest levels of total caffeoylquinic acids at 42.20%, which was approximately two-fold of the other plants. The BuOH fraction had 94.52% caffeoylquinic acid (data not shown).
Therefore, we used this plant in animal experiments for anti-ulcerogenic effects. The IC 50 values of the three extracts on the peroxynitrite-scavenging effects were: L. stenocephala (1.62Ϯ0.03 mg/ml), L. fisceri var. spiciformis (1.49Ϯ0.03 mg/ml) and L. fischeri (Ͼ2.0 mg/ml) ( Table 2 ). The IC 50 of the BuOH fraction of L. stenocephala was very low (IC 50 , 0.53Ϯ0.03 mg/ml) but the Et 2 O fraction was more than 2.0 mg/ml.
Effects on the MeOH Extract and Both Fractions on Gastric Ulcer
Ulcerogenic indices were determined in mice with HCl/ethanol-and indomethacin/bethanechol-induced ulcers by measuring the ulcerative lesion diameter. An oral dose of HCl/ethanol caused gastric lesions with a diameter of 28.4Ϯ3.17 mm in the controls; pretreatment with the MeOH extract of L. stenocephala reduced this diameter at 100 and 200 mg/kg (Table 3 ). The BuOH fraction was more potent than the parent MeOH extract, and decreased the gastric lesion diameter to 20.4Ϯ2.12 mm and 15.3Ϯ2.06 mm at 100 and 200 mg/kg, respectively. Controls in the indomethacin/bethanechol group had a diameter of 15.1Ϯ 
Effects of the MeOH Extracts and Both Fractions on Gastric Juice Secretion
The volume of gastric juice was measured using the method described by Dai and Ogle. 17) The pH values and total acid output were also measured. Oral administration of the MeOH extract reduced gastric juice volume and total acid output and increased pH in the pylorus-ligated mice at 100 and 200 mg/kg ( Table 4 ). The BuOH fraction was more potent than the MeOH extract, suggesting that the bioactive compounds are mainly contained in the BuOH extract. However, cimetidine was more potent than the BuOH extract.
DISCUSSION
We analyzed the caffeoylquinic acid content of the leaves of three Ligularia species on HPLC chromatograms. The quantitative and quantitative analytical data were quite different among the Ligularia species though the reason is unclear. L. fishceri var. spiciformis and L. stenocephala showed similar peroxynitrite scavenging activities, but L. fischeri was relatively weaker. L. stenocephala produced high levels of caffeoylquinic acids (42.20% of the MeOH extract and 94.52% of BuOH fraction) and showed potent peroxynitrite-scavenging effect, so was selected for in vivo anti-ulcerogenic experiments.
Enhanced nitric oxide generation by stimulated nitric oxide synthase activity may contribute to the pathogenesis of peptic ulceration. Nitric oxide may induce tissue injury by the simultaneous generation of superoxide and nitric oxide by macrophages to yield peroxynitrite. Peroxynitrite decomposes to · OH and · NO 2 , which oxidizes sulfhydryl groups and reacts with metal ions. 18) Exposure of the duodenal mucosa to peroxynitrite originating in the gastric antral mucosa may induce or amplify tissue injury. Enhanced nitric oxide generation may amplify tissue damage by stimulating gastric acid secretion in several ways. Firstly, protonation of peroxynitrite is required before its decay to · OH and · NO 2 , which exist only in acidic pH. Secondly, nitrosation of proteins and nucleic acids is facilitated by acidic conditions, leading to impaired protein function and mutations in DNA. 19) Peroxynitrite also causes lipid peroxidation, cytotoxicity, and rapid neuronal damage, 20) and can result in atherosclerosis, diabetes mellitus, obesity, and hypocholesterolemia. [21] [22] [23] Therefore, peroxynitrite scavenging may protect against those diseases.
Peptic ulcer refers to ulcerative disorders of the upper gastrointestinal tract and involves the most proximal portion of the duodenum and the stomach, which secrete acid/pepsin, and occurs because of disturbances in the natural balance between aggressive acid/pepsin and mucosal defense/mucosal turnover. 24) Administration of HCl and ethanol produces ulcerative lesions and increases lipid peroxidation in the gastric mucosa, which plays a significant part in the pathogenesis of the mucosal lesions. 25) HCl-ethanol instillation induces se- vere epithelial desquamation, deep mucosal necrosis and submucosal edema associated with leucocyte accumulation. 26) The suppression of prostaglandin synthesis by nonsteroidal anti-inflammatory drugs (NSAIDS), such as indomethacin, results in increased susceptibility to mucosal injury and gastroduodenal ulceration. Indomethacin inhibits both cyclooxygenase-1 (COX-1) and COX-2 as well as the production of prostaglandins in the stomach and intestines to maintain the mucous lining of the gastrointestinal tract. Indomethacin, therefore, like other non-selective COX inhibitors, can cause peptic ulcers. 27) Cholinomimetic agents (bethanechol) administered in association with NSAIDS have a synergistic effect on the gastric injury induced by increased secretion of acid and pepsin in the stomach. 28) Natural products with anti-ulcerogenic activity have been reported: flavonoids, 29) sequiterpene, 30) diterpenes, 31) and saponins. 32, 33) Natural compounds with anti-Helicobacter pylori effects include alkaloids, 34) sesquiterpenes, 35) sesquiterpene lactones, 36) flavonoids, 37) and isoflavonoids. 38) These reports suggest that intake of certain bioactive phytochemicals may be beneficial for gastrointestinal ulcer disease.
Dicaffeoylquinic acids are potent inhibitors of the nitration reaction of peroxynitrite against protein tyrosine residues and nitric oxide (NO) formation.
39) The dicaffeoylquinic acids have anti-oxidative, anti-inflammatory, vascular relaxant, antimicrobial, anti-hepatotoxic and platelet anti-aggregating activities. 40) However, this is the first report that the leaves of L. stenocephala, which have high levels of caffeoylquinic acids and potent peroxynitrite scavenging, have anti-ulcerogenic effects.
